The immunopathogenesis of hepatitis B virus (HBV) involves a complex interaction of innate and adaptive immune response associated with several cytokines. However, due to experimental limitations, very limited and even no activation of the innate immune response can be demonstrated in acute HBV infection. The role of innate immunity and the key innate effectors for HBV clearance is still uncertain. It is also not clear whether clinical use of TNF inhibitors in treating rheumatoid arthritis and other autoimmune disease patients with chronic HBV infection would affect viral reactivation. However, in a recent paper in Cell Mol Immunol, Chyuan et al. reported that under TNF-α blockade, HBV viral clearance was impaired with persistent elevated HBV viral load in a dose and temporal-dependent manner. 1 It demonstrates that a deficiency of TNF-α reduces viral clearance and promotes HBV persistence in a mouse model, and the impairment of HBV clearance under anti-TNF-α occurs at an early time point of HBV infection, suggesting that HBV may reactivate during therapy with TNF inhibitors. The results together with previous reports support that TNF is a key innate cytokine required to clear HBV. 2, 3 It also provides evidence that therapy with TNF inhibitors may impair immune response to HBV clearance.
The immunopathogenesis of hepatitis B virus (HBV) involves a complex interaction of innate and adaptive immune response associated with several cytokines. However, due to experimental limitations, very limited and even no activation of the innate immune response can be demonstrated in acute HBV infection. The role of innate immunity and the key innate effectors for HBV clearance is still uncertain. It is also not clear whether clinical use of TNF inhibitors in treating rheumatoid arthritis and other autoimmune disease patients with chronic HBV infection would affect viral reactivation. However, in a recent paper in Cell Mol Immunol, Chyuan et al. reported that under TNF-α blockade, HBV viral clearance was impaired with persistent elevated HBV viral load in a dose and temporal-dependent manner. 1 It demonstrates that a deficiency of TNF-α reduces viral clearance and promotes HBV persistence in a mouse model, and the impairment of HBV clearance under anti-TNF-α occurs at an early time point of HBV infection, suggesting that HBV may reactivate during therapy with TNF inhibitors. The results together with previous reports support that TNF is a key innate cytokine required to clear HBV. 2, 3 It also provides evidence that therapy with TNF inhibitors may impair immune response to HBV clearance.
Weak or even absent activation of innate immunity seems to be the hallmark of acute HBV infection. Moreover, pro-inflammatory cytokines are often undetectable during the early phases of HBV infection. For over two decades, numerous efforts have been reported in search for critical innate effectors in HBV clearance. It is suggested that an efficient control of HBV infection requires the coordinated actions of innate immune cells and viral specific T cells; however, the innate immunity and key cytokine related to HBV clearance are still not well defined. Acute HBV infection models of both woodchucks and chimpanzees also fails to verify the role of innate immune response in HBV infection. It is an overall scenario of weak or even transcription silence in activation of innate immunity to HBV, in particular, the type I interferon (IFN-I) response. Apparent lack of the IFN-I response is observed in HBV infection and thereby considered as one of the underlying mechanisms for HBV to escape innate recognition. 4, 5 Different lines of evidence indicate that it is questionable if HBV can actually be sensed by the innate immunity. 6 In fact, the mechanisms how innate immune system senses HBV are still not elucidated and it is also unclear which HBV molecules (DNA, RNA or viral proteins) are actually recognized by the pattern recognition receptors (PRR) and thereby trigger the antiviral response.
In order to explore the role of innate sensor in response to HBV, we previously investigated a panel of gene knockout mice with deficiency in innate immune sensors or effectors for their capability in HBV clearance. 2 Instead of IFN receptor deficiency, interestingly, TNF-α deficiency in knockout mice resulted in impaired clearance and prolonged persistence of HBV, suggesting that TNF-α and associated innate pathways are crucial in HBV clearance. 2 The results are consistent with previous studies supporting that TNF is a key innate effector required to clear HBV. 3 TNF-α is a well-known pro-inflammatory cytokine and displays multiple functions as an antitumor, immune modulation and integrating host defense system against infections. As a key cytokine, the direct anti-viral effect of TNF-α also contributes to HBV eradication. [7] [8] [9] A recent study demonstrated that cellular inhibitor of apoptosis proteins (cIAPs) attenuate TNF-α signaling during HBV infection and restrict the death of infected hepatocytes, thus allowing viral persistence. 10 In addition, TNF-α delivers non-cytopathic antiviral signals to hepatocytes to degrade the transcript and 1 Department of Internal Medicine, Cathay General Hospital, Taipei, Taiwan, China; 2 the nucleocapsid particles of HBV, and supports HBV-specific T cells to abolish HBV replication in hepatocytes. 11 TNF-α destabilizes nucleocapsids, reduces nuclear viral DNA, 12 and inhibits the transcriptional activity of the HBV core promoter, leading to interfering cccDNA integrity. Furthermore, cleaved c-FLIP mediates the antiviral effect of TNF-α against HBV by dysregulating hepatocyte NF-κB pathway. 13 In adoptively transferred HBV-specific CD8+ T cells in HBV-transgenic mice model, TNF-α abolished HBV gene expression and replication in the liver without killing the hepatocytes. 8 Moreover, the TNF-α and IFN-γproduced by T cells, reduced HBV cccDNA levels in HBV-infected hepatocytes. 14 In addition, TNF-α drives local intrahepatic proliferation of T cells in a way called iMATEs (intrahepatic myeloid-cell aggregates for T-cell population expansion), facilitating the expansion of the cytotoxic T lymphocytes against viral infection. 15 Higher intrahepatic level of TNF-α is associated with increased HLA class I expression and enhanced CD8+ T cell response against HBV. Therefore, the TNF-α-induced HBV clearance may be due to its direct anti-HBV effect, while the induced innate immunity by HBV and TNF-α-triggered cytopathic and noncytopathic mechanisms are also involved. The role of TNF in HBV clearance is evidenced not only by impaired T cell responses against HBV and prolonged viral persistence in TNF receptor-1 (TNFR1) knockout mice 3 and TNF-α blockaded model mice, 1 but also by the genetic studies, in which TNF-α gene polymorphisms, in particular the promoter region, affect susceptibility to chronicity and outcome of HBV infection. 16 All these data support TNF-α as a key cytokine in the immune response to HBV infection.
As one of the breakthroughs in clinic, blockage of TNF-α pathway with associated inhibitors has been widely used to treat many autoimmune inflammatory diseases, including rheumatoid arthritis, ankylosing spondylitis, psoriasis and psoriatic arthritis, as well as inflammatory bowel disease. The use of TNF-α inhibitors paradoxically illustrated the crucial role of this pathway in host defense against infections since TNF-α blockade could induce reactivation of quiescent or latent infections such as tuberculosis. Typically, accumulated lines of evidence support that TNF-α inhibitors increase risk of HBV reactivation in patient with chronic HBV; 17, 18 however, strictly controlled studies are needed to ensure the TNF-α blockage-triggered HBV reactivation. In HBV model mice, TNF-α knockout or TNF-α inhibitors reduce viral clearance, which is associated with increased number of intrahepatic PD-1highCD127low exhausted CD8+ T cells, 1,2 footnoting one of the potential mechanisms for the induced HBV reactivation. In addition, the HBV viral load was increased by anti-TNF-α Ab in a dose-dependent manner. Sufficient blockage of TNF-α at an early phase significantly impaired subsequent HBV clearance and resulted in its persistence with an elevated viral load, indicating that TNF-α deficiency impairs immune response to HBV at or from an early phase. Furthermore, TNF-α blockade also abolishes the effects of TLR9 ligand-induced facilitation of HBV clearance. 1 Taken together, these results indicate that anti-TNF-α therapy impairs T cell functions and delays HBV clearance.
So far, with the lack of type I IFN response, the TNF pathway is the only innate response demonstrated to play a key role in HBV clearance. Nevertheless, it is necessary to clarify how innate immune cells are triggered and regulated to produce TNF-α during HBV infection. As one possible mechanism that we have previously reported, HBV core protein is sensed by the innate immune system to induce TNF-α production and thereby viral clearance; which can also be abolished by TNF-α blockade. 2 Although the cellular source of TNF-α remains to be elucidated, several studies have reported that TNF-α is released by activated monocytes, T cells, NK cells, mast cells, B cells and Kupffer cells in the liver. 19, 20 Moreover, the intra-hepatic leukocytes (IHLs), but not the hepatocytes, are the cell source responsible for TNF-α production induced by HBV core. These results suggest innate immunity is able to sense HBV and induce TNF-α via HBV core (Figure 1) . The innate sensors binding with HBV and the recognized molecular pattern of HBV by the innate immune system remain to be identified. Failure of sufficient TNF-α production by the immune system and early TNF-α blockade during HBV infection, results in reduced viral clearance and elevated viral load. It suggests that HBV may reactivate during anti-TNF therapy. Taken together, anti-TNF therapy can reactivate chronic HBV infection by impairing the immune response to HBV and suitable countermeasures may be necessary. Figure 1 Association between host innate immune system and HBV to induce TNF-α. Innate immune system senses HBV core through unidentified sensors and then produces TNF-α. Insufficient TNF-α production and blockade of TNF-α pathway impair HBV clearance and result in its persistence.
